dialysis, respectively. Reduction in HbA1c was sustained for 3 years after starting teneligliptin (-0.70% ± 1.36%, p \ 0.001 at 3 years). The least-squares mean changes in HbA1c adjusted for baseline were -0.76% to -0.66% in G1-G5 at 3 years. Glycated albumin levels decreased in patients on dialysis (-2.92% ± 4.78% at 3 years). Conclusion: There were no new safety or efficacy concerns about teneligliptin used in longterm, real-world, clinical settings in patients with T2DM with any stages of renal impairment. Trial registration:
Japan Pharmaceutical Information Center clinical trials database identifier: Japic CTI-153047. Plain Language Summary: Plain language summary available for this article.
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Key Summary Points
Why carry out this study?
Teneligliptin is a dipeptidyl peptidase 4 inhibitor that was approved for the treatment of type 2 diabetes mellitus (T2DM) in Japan in 2012.
Clinical trials are often limited in terms of their duration, number of patients, and the background characteristics of patients, including renal impairment.
We performed a post-marketing surveillance of teneligliptin to examine the long-term (3 years) safety and efficacy in real-world clinical practice, including in patients with renal impairment and those on dialysis.
What was learned from the study?
Long-term treatment with teneligliptin for up to 3 years had a safety profile consistent with that observed in clinical trials.
PLAIN LANGUAGE SUMMARY
Teneligliptin is a once-daily oral dipeptidyl peptidase 4 inhibitor for treatment of type 2 diabetes. Although many clinical trials assessed the safety and efficacy of teneligliptin, these were limited in terms of number of patients, patient background characteristics, and study duration. Therefore, to investigate the longterm safety and efficacy of teneligliptin in patients with type 2 diabetes in real-world settings, we conducted a 3-year follow-up postmarketing surveillance of teneligliptin in more than 10,000 patients with type 2 diabetes in Japan. Patients were also divided into subgroups according to their estimated glomerular filtration rate (grade 1, least severe to grade 5, most severe) and patients on dialysis. Adverse drug reactions occurred in 3.85% of 10,696 patients. The most frequent type of adverse drug reaction was gastrointestinal disorders (0.68%), which included constipation. There were no new adverse drug reactions that warrant attention beyond those already described in teneligliptin's information leaflet or package insert. Among patients divided by grade of renal impairment, adverse drug reactions occurred in 3.24-7.14% in grade 1-5 and in 4.49% of patients on dialysis. We also found that teneligliptin lowered haemoglobin A1c, a marker of glycaemic control, by 0.70% at 3 years in the overall study group, with similar decreases in patients in each grade of renal impairment. A decrease in glycated albumin was observed in patients on dialysis. These findings demonstrate that there were no new safety or efficacy concerns about teneligliptin used in long-term, real-world, clinical settings in patients with type 2 diabetes, including those with chronic kidney disease or on dialysis.
INTRODUCTION
The burden of type 2 diabetes mellitus (T2DM) is rapidly growing worldwide [1] and in Japan [2] . According to a 2016 report by the National Health and Nutrition Survey in Japan, there were an estimated 10 million adults in whom diabetes is strongly suspected and a further 10 million in whom the possibility of diabetes cannot be ruled out [2] . T2DM is also associated with high rates of comorbidities and diabetic complications, especially diabetic nephropathy. Diabetic nephropathy is the most common cause of renal failure in patients starting dialysis [3] . In order to reduce the risk of diabetic complications, guidelines for the management of diabetes have set goals for glycaemic control [4] [5] [6] . Impaired renal function can also affect drug elimination, which may necessitate dose reductions of renally eliminated drugs, and some drugs, notably metformin, are contraindicated in patients with renal impairment [7] . In addition, renal impairment causes reductions in insulin clearance and impaired renal gluconeogenesis, which impact on risk of developing hypoglycaemia [8] .
Dipeptidyl peptidase 4 (DPP4) inhibitors are among the widely used classes of drugs available for the treatment of T2DM; in Japan, DPP4 inhibitors are used as first-line therapy in about 60% of patients [9] . The high use of DPP4 inhibitors in Japan may be explained by differences in the pathophysiology of T2DM in Asian patients, including reduced b-cell function and less-prominent insulin resistance, as well as differences in dietary factors and genetic disposition, as compared with other populations [10, 11] . All of these factors may contribute to the greater efficacy of DPP4 inhibitors in Asian populations including Japanese patients [12] .
Teneligliptin, a DPP4 inhibitor, was approved in Japan in 2012 and subsequently in Korea in 2014 [13] . The clinical trials for teneligliptin demonstrated its efficacy and safety as monotherapy [14, 15] or in combination with oral antidiabetic agents or insulin [16] [17] [18] [19] [20] [21] [22] . In Japan, teneligliptin is administered at a dose of 20 mg once daily. On the basis of the approved label [23] , if the prescribing physician thinks the patient's glycaemic control is inadequate, the dose of teneligliptin can be increased to 40 mg once daily with close monitoring of the patient. Teneligliptin can be used without the need for dose adjustment in patients with T2DM and impaired renal function, including those on dialysis, because of its unique pharmacokinetic profile involving elimination by multiple pathways: hepatic metabolism by cytochrome P450 3A4 and flavin-containing monooxygenase 3 or excretion in an unchanged form by the kidney [13] .
Clinical trials are often limited in terms of their duration, number of patients and the background characteristics of patients, including renal impairment. Therefore, drug surveillance can provide additional information on the safety and efficacy of newly approved drugs by accumulating data from a larger number of patients treated in real-world settings.
From this context, a post-marketing surveillance (RUBY; ExploRing the long-term efficacy and safety including cardiovascUlar events in patients with type 2 diaBetes treated bY teneligliptin in the real-world) was implemented in Japan with the key objectives of examining the long-term (3 years) safety and efficacy of teneligliptin in more than 10,000 patients with T2DM in real-world settings [24] [25] [26] . In this report, we describe the 3-year safety and efficacy of teneligliptin in RUBY. We also examined the safety and efficacy in patients with each renal impairment stage and in patients on dialysis.
METHODS

Ethics
The surveillance protocol was approved by the Ministry of Health, Labour and Welfare of Japan, and was performed by Mitsubishi Tanabe Pharma Corporation in accordance with the Japanese ministry directive on Good Post-marketing Study Practice (GPSP). The surveillance used anonymous data collected in clinical practice in Japan. In accordance with Japanese regulations for post-marketing surveillance, it is not necessary to obtain informed consent from patients. RUBY was registered on the Japan Pharmaceutical Information Center clinical trials database (Japic CTI-153047).
Patients and Surveillance Design
Patients with T2DM who were first prescribed teneligliptin between May 2013 and February 2015 were to be registered by their prescribing physician in RUBY. Patients were to be followed up for a maximum of 3 years through to August 2018. All data were to be recorded using electronic case report forms and the database was locked in January 2019. All treatment decisions, including the teneligliptin therapy, the combination antidiabetic therapies and treatments for comorbidities, were at the prescribing physician's discretion in accordance with the approved label or regimen. Teneligliptin dose could be increased to 40 mg once daily if 20 mg was deemed insufficient by the prescribing physician.
The prescribing physicians used electronic case report forms to record information on baseline demographic information, comorbidities, renal function, treatment status, clinical laboratory tests, and adverse drug reactions (ADRs), adverse events (AEs) and compiled data until 3 years after registration. Laboratory test data included HbA1c, fasting blood glucose (FBG) and lipids, which were to be recorded at 0, 3, 6, 12, 18, 24, 30 and 36 months after starting teneligliptin. The laboratory analyses were conducted using routine clinical assays in the institution participating in the surveillance. Estimated glomerular filtration rate (eGFR) was calculated from age, gender and serum creatinine levels recorded in the case report forms using the Japanese eGFR equation [27] . Glycated albumin was recorded in patients on dialysis.
Safety was assessed in terms of the incidence of ADRs, and efficacy was assessed in terms of glycaemic control, up to 3 years. All ADRs were classified using the Medical Dictionary for Regulatory Activities (MedDRA)/Japanese version 21.1. ADRs were defined as AEs for which a causal relationship with teneligliptin could not be excluded, i.e. related or unknown, by either the prescribing physician or Mitsubishi Tanabe Pharma Corporation, or both of them. The seriousness of ADRs and AEs was judged according to the following definitions: death, life threatening, requirement inpatient hospitalisation or prolongation of existing hospitalisation, persistent or significant disability/ incapacity, congenital anomaly or birth defect, or a medically important event or reaction. For this surveillance, serious hypoglycaemia was defined as blood glucose level of B 50 mg/dL or diagnosis by the prescribing physician. ADRs of special interest included ADR related to hypoglycaemia, skin and subcutaneous tissue disorders (including pemphigoid), gastrointestinal disorders (including pancreatitis and intestinal obstruction), hepatic impairment, renal impairment, cardiovascular events and malignant tumours. In addition, the frequencies of AEs related to cardiovascular events and malignant tumours were assessed. These special interest ADRs and AEs were defined using preferred terms (PT) and system organ class (SOC) of MedDRA or standardised MedDRA queries (SMQ). Cardiovascular events were defined using two broad SMQ: ''myocardial infarction'' and ''central nervous system haemorrhage and cerebrovascular conditions''.
Safety and efficacy analyses were performed for the overall population and for patients divided into renal impairment stage at baseline. For the stratified analysis of renal impairment stage, patients were divided into those receiving and those not receiving dialysis at the initiation of teneligliptin. Non-dialysis patients with eGFR at baseline were classified according to their renal function using the following eGFR categories for CKD [28] : G1, eGFR C 90 mL/min/ 1.73 m 2 ; G2, eGFR 60 to \ 90 mL/min/1.73 m 2 ; G3a, eGFR 45 to \ 60 mL/min/1.73 m 2 ; G3b, eGFR 30 to \ 45 mL/min/1.73 m 2 ; G4, eGFR 15 to \ 30 mL/min/1.73 m 2 ; and G5, eGFR \ 15 mL/min/1.73 m 2 . If patients started dialysis during the observation period, data recorded prior to dialysis were used to assess HbA1c and eGFR in the eGFR category.
We also examined the safety and efficacy of increasing the teneligliptin dose to 40 mg. Efficacy analyses were performed for patients who received the increased dose of 40 mg once daily for C 8 weeks if their HbA1c was measured before and after increasing the dose during the observation period.
The design of this surveillance was described in more detail in the prior interim analysis reports [24, 25] .
Statistical Analyses
All statistical analyses were performed using SAS statistical software version 9.1.3 or later. Data were analysed using safety and efficacy analysis sets, as appropriate. The safety analysis set comprised all registered patients who underwent safety assessments, while the efficacy analysis set comprised all patients in whom efficacy outcomes were evaluated. The analysis did not take into account any changes in concomitant antidiabetic drugs or lifestyle modifications during the observation period. Categorical variables are presented as frequencies and percentage and continuous variables are presented as descriptive statistics. For ADRs or AEs of special interest, the risk ratio of its incidence and the 95% confidence interval (CI) were calculated for each eGFR category, and the uniformity of the incidence rate was evaluated. Paired t tests were used to test for changes in continuous variables from baseline, except for eGFR, which was assessed using the Wilcoxon signed rank test. All tests were conducted at a two-sided significance level of 5%. The least squares (LS) mean and standard error (SE) for the change from baseline in HbA1c at each time point were determined and the significance test was performed for difference between eGFR categories by analysis of covariance (ANCOVA) with HbA1c at baseline as a covariate. Missing data were not handled at each time point, but missing data were replaced with substituted values using the last observation carried forward method for the final time point.
RESULTS
Patients
Overall, 11,677 patients were initially registered in RUBY across 1755 centres, and survey forms were collected for 11,355 patients. Of these, 10,696 and 10,249 patients were included in the safety and efficacy analyses, respectively ( Fig. 1) . A total of 3680 patients (34.4%) discontinued treatment or dropped out before 3 years of treatment for the following reasons (multiple reasons were possible): visit stopped (n = 1208, 32.8%), transfer to another hospital (n = 915, 24.9%), the physician believed the therapeutic effect to be insufficient (n = 604, 16.4%), AE/ ADR (n = 308, 8.4%), the patient's symptoms of T2DM improved or recovered sufficiently to allow treatment to stop (n = 270, 7.3%) or another reason (n = 481, 13.1%).
The median duration of exposure in the safety analyses set was 1096 days (25-75th percentile 500-1096 days). The teneligliptin dose was increased at the prescribing physician's discretion from 20 to 40 mg in 220 (2.1%) patients at a median of 183.5 days after starting treatment. The median duration of the increased dose was 597 days.
The baseline characteristics of patients in the safety analyses set are summarised in Table 1 . The mean ± standard deviation (SD) age, duration of T2DM and body mass index were 65.4 ± 12.4 years, 7.41 ± 7.87 years and 25.24 ± 4.40 kg/m 2 , respectively. The mean ± SD HbA1c and FBG at the start of teneligliptin were 7.75 ± 1.53% and 151.7 ± 52.4 mg/dL, respectively. The proportions of patients on dietary therapy and exercise therapy were 76.1% and 58.8% at baseline, respectively. Diabetic complications and other comorbidities (hypertension and dyslipidaemia) were present in about one-quarter and two-thirds of patients, respectively.
Teneligliptin was prescribed as monotherapy in 5126 (47.9%) of patients and as combination therapy with sulfonylureas (2685 patients, 25.1%) and/or biguanide (2294 patients, 21.4%) being the most commonly used combination therapies during the observation period (Supplemental Table 1 ). Most of the patients who were also taking a sulfonylurea complied with the recommended doses of glimepiride (B 2.0 mg), gliclazide (B 40 mg) and glibenclamide (B 1.25 mg) [29] , with compliance rates of 84.7% for glimepiride (1680/1984 patients), 81.8% for gliclazide (184/225 patients) and 25.0% for glibenclamide (35/140 patients). As indicated in Supplemental Table 1 , there were no marked changes in the rates of concomitantly used agents between the start and 3 years of teneligliptin, except for an increase in concomitant use of sodium-glucose cotransporter 2 inhibitors, which were launched during this period. Overall, 5372 (50.2%) and 4436 (41.5%) patients received antihypertensive and antidyslipidaemic agents during the observation period, respectively. Of the 10,696 patients in safety analysis set, eGFR was calculable at baseline for 9382 nondialysis patients. Renal function was classified as G1 in 2008 patients, G2 in 5015 patients, G3a in 1525 patients, G3b in 561 patients, G4 in 217 patients and G5 in 56 patients. A further 156 patients were on dialysis at baseline. The characteristics of these seven subgroups are summarised in Supplemental Table 2 . Notable findings are that the duration of T2DM and the rate of diabetic and non-diabetic comorbidities tended to increase with increasing CKD grade. The teneligliptin dose was increased to 40 mg in 41 patients with eGFR \ 45 mL/min/1.73 m 2 or on dialysis at a median of 475 days in G3b, 907 days in G4, 338 days in G5 and 149 days in patients on dialysis. Dialysis was started during the observation period in 15 patients. Supplemental Table 3 also shows the concomitant use of agents for T2DM, hypertension and dyslipidaemia, and of erythropoiesis-stimulating agents.
Safety
Overall Population A total of 489 ADRs occurred in 412 of 10,696 patients (3.85%) with 133 serious ADRs in 117 patients (1.09%). ADRs of special interest and AEs of cardiovascular events and malignant tumours in the overall population are listed in Table 2 and Supplemental Table 4 . Supplemental Table 5 provides a list of ADRs by system organ class and preferred term. The most frequent ADR of special interest was gastrointestinal disorders (0.68%), including constipation (0.27%), intestinal obstruction (ileus) (0.04%) and pancreatitis (0.01%). Hypoglycaemia- related ADRs occurred in 38 patients (0.36%), and were classified as serious in 8 patients (0.07%); all 8 patients were using sulfonylurea or insulin. There were no episodes of serious hypoglycaemia among patients using teneligliptin alone although non-serious hypoglycaemia was reported in nine of those patients. Skin and subcutaneous tissue disorders occurred in 44 patients (0.41%). Pemphigoid was reported in five patients (0.05%) and all cases were classified as serious. Except for one patient with an unknown outcome, pemphigoid resolved or improved after discontinuation of teneligliptin or administration of corticosteroids. Of these five patients with pemphigoid, four were C 75 years old and the time to onset of these events was C 11 months after starting teneligliptin. Hepatic impairment and renal impairment occurred in 0.44% and 0.32% of patients, respectively. Cardiovascular events were reported as AEs in 85 patients (0.79%) and as ADRs in 18 patients (0.17%), which included 14 patients (0.13%) with serious ADRs. Malignant tumours were reported as AEs in 111 patients (1.04%) and as ADRs in 27 patients (0.25%). All malignant tumours reported as ADRs were classified as serious. The most common malignant tumour type was pancreatic carcinoma, which was reported as an AE in 15 patients (0.14%; 0.06 per 100 patient-years) and as an ADR in 5 patients (0.05%; 0.02 per 100 patient-years). ADRs other than those of special interest that occurred in C 0.1% of patients included dizziness, which occurred in 11 patients (0.10%), but none of the episodes were considered serious. Death was reported for six patients, although the causal relationship with teneligliptin was unknown in four patients or Table 6 shows the outcomes of ADRs and AEs of special interest.
Among 220 patients with a dose increase to 40 mg, 13 patients (5.91%) experienced 16 ADRs and 3 patients (1.36%) experienced 4 serious ADRs. The prescribing physician reported the causal relationship of 12 of 16 ADRs with teneligliptin as unknown. The ADRs in 13 patients were hepatic function abnormal, which occurred in two patients, and pancreatic carcinoma, lung neoplasm malignant, anaemia, diabetes mellitus, dementia Alzheimer's type, atrial flutter, constipation, liver function test increased, alopecia areata, pemphigoid, myalgia, gynaecomastia, alanine aminotransferase increased and aspartate aminotransferase increased in one patient each. The serious ADRs were hepatic function abnormal, pancreatic carcinoma, lung neoplasm malignant and pemphigoid.
There were small but significant changes in body weight (-0.86 ± 4.37 kg, n = 3039, p \ 0.001), triglycerides (-15.1 ± 112.0 mg/ dL, n = 3377, p \ 0.001) and LDL-cholesterol (-6.8 ± 39.3 mg/dL, n = 3009, p \ 0.001) between baseline and 3 years (Supplemental Table 7 ). There was a non-significant change in HDL-cholesterol over this period (0.3 ± 13.4 mg/dL, n = 3114, p = 0.211).
Stratified Analyses by Renal Function
The incidences of all ADRs and serious ADRs tended to be greater in the patients in the G4 and G5 subgroups than in the G1 subgroup (Table 3 ). Among patients on dialysis, ADRs patients in the G4 and G5 subgroups, 7 events were considered to be possibly related to teneligliptin, while the causal relationship between teneligliptin and the ADRs in 22 events was assessed as unknown and 15 events were attributed to other causes (e.g. comorbidity or concomitant agent) by the prescribing physician. There were no significant differences in the incidences of special interest ADRs across the eGFR subgroups, excluding renal impairment. The incidences of ADRs related to renal impairment tended to be greater in the patients in the G4 and G5 subgroups than in the G1 subgroup. The renal impairment as ADRs were reported in five patients in these subgroups; blood creatinine increased, hypoalbuminaemia, hyponatraemia, renal impairment and haemodialysis. Six patients with advanced stages of renal impairment (eGFR \ 45 ml/min/ 1.73 m 2 [G3b-G5] or patients on dialysis) experienced hypoglycaemia, including serious hypoglycaemia in two patients. Among 41 patients with eGFR \ 45 ml/min/1.73 m 2 or on dialysis at baseline whose teneligliptin dose was increased from 20 to 40 mg, two experienced an ADR (hepatic function abnormal, dementia of Alzheimer's type). As indicated in Fig. 2 , the median eGFR decreased at 6 months in patients classified as G1 and G2, but remained stable thereafter. There were no clear changes in patients classified as G3a-G5.
Efficacy
Overall Population
As shown in Fig. 3 , there were significant reductions in both HbA1c and FBG from baseline through to 6-36 months, with reductions in HbA1c of -0.70 ± 1.36% (n = 5027, p \ 0.001) and FBG of -19.8 ± 48.2 mg/dL (n = 1096, p \ 0.001) at 3 years. Among patients with HbA1c data at 3 years and whose HbA1c was C 7.0% at baseline, 46.9% (n = 1612/3440) achieved HbA1c \ 7% at 3 years. Among patients whose teneligliptin dose was increased from 20 to 40 mg during the observation, their baseline HbA1c was 8.26 ± 1.95% (n = 152), Table 3 continued Values are number (%) of patients. ADRs were defined as adverse events for which a causal relationship with teneligliptin could not be excluded (i.e. causal or unknown). The risk ratio of the incidence and the 95% confidence interval for each eGFR category were calculated AE adverse event, ADR adverse drug reaction, RR risk ratio, CI confidence interval *All malignant tumours were classified as serious 7.88 ± 1.42% at the time of the dose increase (n = 160) and 7.56 ± 1.40% at the last visit in the dose-increase period (n = 160). The mean changes were -0.69 ± 1.91% (n = 152) from baseline and -0.33 ± 1.39% (n = 160) from the time of the dose increase to the last visit after the dose increase.
Stratified Analyses by Renal Function
As illustrated in Fig. 4 , there were significant reductions in HbA1c levels over 3 years in subgroups G1-G4. HbA1c decreased or tended to decrease in subgroup G5, although the reduction in HbA1c was not significant after 1 year of treatment. In order to adjust for differences in baseline HbA1c, the LS mean change in HbA1c was calculated for all six eGFR subgroups. With adjustment, the LS mean changes in HbA1c were -0.76% to -0.66% in G1-G5 at 3 years, and there were no significant differences in the changes in HbA1c among the six subgroups (p = 0.333, Fig. 4a ). Among patients on dialysis, glycated albumin decreased significantly by 2.92 ± 4.78% from baseline to 3 years (n = 41, p \ 0.001; Fig. 4b ).
DISCUSSION
The RUBY post-marketing surveillance was designed with the objectives of accumulating data on the safety and efficacy of long-term Post-marketing surveillance and observational studies have also been published for a number of other DPP4 inhibitors, including linagliptin [30, 31] , sitagliptin [32] [33] [34] , vildagliptin [35] , omarigliptin [36] and anagliptin [37, 38] . Most of these reports enrolled several thousand patients and some were based on interim analyses. In our present report, we analysed the safety and efficacy data of more than 10,000 patients treated with teneligliptin for up to 3 years.
Safety in Overall Population
This surveillance revealed that the incidence of any ADRs in teneligliptin-treated patients was 3.85% and serious ADRs in 1.09%. Of note, the overall rate of ADRs did not exceed the rates observed in clinical trials (9.48% of 1645 patients) [23] or over 1 year in clinical trials (6.7-18.9%) [13] in Japan. The safety profile of teneligliptin in this surveillance was generally similar to those reported for other DPP4 inhibitors [30] [31] [32] [33] [34] [35] [36] .
Gastrointestinal disorders (0.68%) were the most common classes of ADR, although most patients recovered or were recovering. Intestinal obstruction (ileus) was reported in four patients (0.04%) in this surveillance, and did not exceed the incidence (0.1%) reported in clinical trials of teneligliptin [23] . However, as mentioned for intestinal obstruction in the teneligliptin package insert [23] , administration of teneligliptin should be discontinued and appropriate treatments should be taken if any abnormalities occur such as severe constipation, abdominal distension, persistent abdominal pain or vomiting.
The incidence of hypoglycaemia-related ADRs was 0.36%. All of the patients with serious hypoglycaemia were those who were also taking an insulin or sulfonylurea, in whom the risk of hypoglycaemia is supposed to be increased. Therefore, careful management is required to avoid hypoglycaemia when using these antidiabetic agents together with a DPP4 inhibitor.
The incidence of hepatic impairment-related ADRs was 0.44% in the RUBY surveillance. The risk of hepatic impairment of DPP4 inhibitors was pointed out after the launch of teneligliptin by the Pharmaceuticals and Medical Devices Agency of Japan. The package insert of teneligliptin was revised in 2014, as with other DPP4 inhibitors, and alerts have been issued [23] .
The incidence of ADRs of skin and subcutaneous tissue disorders was 0.41% in this surveillance. Pemphigoid was added to the package insert for teneligliptin during the observation period [23] , having emerged as a possible ADR associated with DPP4 inhibitors, including teneligliptin [39] [40] [41] [42] . In this surveillance, pemphigoid was reported as an ADR in five patients (0.05%). The frequency in this surveillance is similar to that of 0.0859% in an earlier single-centre study in Japan of 9304 patients treated with other DPP4 inhibitors [43] . Other studies have revealed that the risk of pemphigoid, including epidermolysis bullosa acquisita, is also increased in older people [44] and in people with the HLA-DQB1*03:01 genotype [45] . Like these previous reports, many of the patients with pemphigoid in RUBY were elderly. As described in the package insert [23] , it is important for the prescribing doctor to consult a dermatologist and take appropriate action in patients who develop blisters or sores, e.g., when taking teneligliptin.
In this surveillance, cardiovascular events were reported as AEs in 85 patients (0.79%; 0.33 per 100 patient-years), with ADRs in 18 patients (0.17%). In the J-DOIT3 (Japan Diabetes Optimal Integrated Treatment study for 3 major risk factors of cardiovascular diseases) study [46] , which had a median follow-up of 8.5 years, cardiovascular events occurred in 97 of 1271 patients who received conventional therapy, with coronary events in 4.3% and cerebrovascular events in 3.3%. Meanwhile, in the observational Japan Diabetes Complications Study [47] of 1771 patients with T2DM but no history of cardiovascular complications with a median follow-up of 7.86 years, the incidences of coronary heart disease, stroke, myocardial infarction and brain infarction were 9.59, 7.45, 3.84 and 6.29 per 1000 patient-years, respectively. Although direct comparisons are not possible because of the different definitions of cardiovascular events, the results of these earlier studies suggest that the rates of AE of cardiovascular events in the present surveillance are within (or below) the expected rate for Japanese patients with T2DM.
Fifteen cases of pancreatic carcinoma were reported in the RUBY surveillance. The pooled analysis showed that diabetes was associated with an increased risk of pancreatic carcinoma (HR 1.85, 95% CI 1.46-2.34) in Japan [48] . Based on the prevalence of pancreatic carcinoma in the Japanese general population [49] , b Fig. 4 [48, 50] and duration of observation, in RUBY was 25.62. The standardised incidence ratio, calculated ratio of the observed number to the expected number, was 0.59 (95% CI 0.34-0.99). Therefore, teneligliptin is not considered to increase the risk of pancreatic carcinoma. Dizziness, an ADR that was not prospectively defined as an ADR of special interest, occurred in 0.1% of patients in this surveillance. This is identical to the rate of 0.1% derived from clinical trials for up to 1 year [23] . This suggests that the rate of dizziness is not increased among patients prescribed teneligliptin in real-world settings.
We also observed a significant change in body weight after treatment with teneligliptin, although this may be a marginal change in clinical practice. DPP4 inhibitors are considered to have a neutral effect on body weight [4, 6] , so our results are consistent with previous studies.
Safety in Patients with Renal Impairment
In the present surveillance, the incidences of overall ADRs, particularly for ADRs related to renal impairment, and serious ADRs were numerically greater in the G4 and G5 subgroups than in the G1 subgroup. Patients with renal impairment are generally more prone to AEs due to multiple factors including comorbidities and the need for polypharmacy [51] . Indeed, in RUBY, the rate of comorbidities was higher in patients with advanced renal impairment. We must acknowledge possible limitations of this analysis, including the varying numbers of patients in each subgroup, and no matched control group for each stage of renal impairment as we previously reported [24, 25] . Nevertheless, our findings indicate the importance of carefully monitoring these patients.
The risk of hypoglycaemia, for example, is also increased in patients with renal impairment for a number of reasons, including reduced insulin clearance and impaired renal gluconeogenesis [8, 52, 53] . Hypoglycaemia in patients with renal impairment mostly occurred in patients using teneligliptin in combination with other antidiabetic agents associated with hypoglycaemia (insulin, sulfonylurea or glinide), highlighting the need for caution when prescribing teneligliptin in combination with these agents in patients with renal impairment.
In the G1 and G2 subgroups, eGFR decreased at 6 months but remained constant thereafter, whereas the median eGFR in patients with renal impairment did not change markedly over the 3-year period. Some DPP4 inhibitors were reported to improve the albumin to creatinine ratio without an improvement in eGFR [54] . Although the degree of change in eGFR varied among patients and between time points in the RUBY surveillance, we believe further studies are needed to evaluate the effects of teneligliptin on the kidneys.
Efficacy of Teneligliptin
We also assessed the efficacy of teneligliptin in real-world settings and observed significant improvements in HbA1c and FBG that were apparent within 6 months of treatment and maintained for up to 3 years. These findings are similar to those reported for teneligliptin showing reductions in HbA1c over 52 weeks in clinical trials [22] and in other reports for linagliptin [30, 31] , sitagliptin [32] [33] [34] , vildagliptin [35] , omarigliptin [36] and anagliptin [37, 38] used for varying lengths of time in Japanese patients with T2DM.
Another objective of this analysis was to examine the efficacy of teneligliptin in the population of six eGFR categories and patients on dialysis. Here, we found reductions in HbA1c from baseline through to 3 years in the G1-G4 subgroups. HbA1c decreased or tended to decrease in the G5 subgroup, although the reduction in HbA1c was not significant after 1 year of treatment, which may be due to the low baseline value and/or the small number of patients. With adjustment for differences in baseline HbA1c, the LS mean changes in HbA1c were -0.76% to -0.66% in G1-G5 at 3 years, and there were no significant differences in the changes in HbA1c among the six subgroups at 3 years. A significant reduction in glycated albumin occurred in patients on dialysis. These results are consistent with those of prior studies for teneligliptin in patients with T2DM and renal impairment [55] or patients with T2DM on haemodialysis [56, 57] .
Teneligliptin Dose Increase
Additionally, we wish to discuss the safety and efficacy profiles in patients whose teneligliptin dose was increased to 40 mg. In this surveillance, we found that the frequency of ADRs and serious ADRs in patients prescribed 40 mg/day were similar to the corresponding values in the overall population, and the values reported in a pooled analysis of 204 patients who underwent a teneligliptin dose increase in phase III clinical trials [58] (4.9% before the dose increase and 7.4% after the dose increase). Although hypoglycaemia was the most frequent ADR in that pooled analysis, its frequency was not increased after the dose increase. In terms of efficacy in RUBY, HbA1c decreased from the time of the dose increase with a mean change of -0.33%. In the above analysis of phase III clinical trials, 108 of 204 patients showed an HbA1c reduction after the dose increase, with a mean change in HbA1c of -0.50% in these patients [58] . These results suggest that increasing the dose of teneligliptin to 40 mg may be helpful to improve HbA1c in patients with an insufficient improvement in glycaemic control with 20 mg teneligliptin.
Limitations
Some possible limitations deserve mention, including the absence of a control group and that some patients changed their concomitant agents or lifestyle modifications during the observation period, which may contribute to safety and efficacy. The impact of changes in these therapies or lifestyle modifications on safety and efficacy could not be assessed. We must also acknowledge the possibility of reporting bias in that some AEs and ADRs may not have been reported by the patient or prescribing physician, or that the physician may have incorrectly rejected a possible causal relationship with teneligliptin, which may result in under-reporting of some AEs and ADRs. Laboratory test data were also unavailable for a substantial number of patients, although this is a common problem in post-marketing surveillance and studies of clinical practice where some laboratory tests may not be performed routinely or at the time points suitable for recording in the case report forms. In Japan, it is important to note that FBG is not routinely recorded. It is also possible that some of the values entered by the prescribing physician were medically unreasonable (i.e. significantly higher or significantly lower than normal, or physiologically improbable). Despite these limitations, this surveillance has several strengths, notably the large sample size, despite about one-third of patients discontinuing teneligliptin for any reason, and the long duration (median duration of exposure of 1096 days). These strengths allowed us to obtain important insights into the long-term use of teneligliptin in real-world settings.
CONCLUSIONS
The safety profile of teneligliptin in this postmarketing surveillance of patients with T2DM in long-term, real-world clinical practice did not differ markedly from the established safety profiles of teneligliptin or other DPP4 inhibitors. The surveillance also confirmed that the efficacy of teneligliptin is maintained for up to 3 years in real-world settings, supporting its long-term use. The safety and efficacy of teneligliptin were also maintained in patients with renal impairment and in patients on dialysis.
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